on primary and secondary plant metabolites. Treatment with chemical fertilizer can reduce antioxidant levels, while organic fertilizer can enhance antioxidant contents in plants (Dumas et al., 2003) . It has been reported that vegetables such as cabbage, spinach, onion, and green pepper generally have higher levels of flavonoids and antioxidant activities when fermented soybean broth fertilizer is used (Young et al., 2000) . Vågen et al. (2007) have shown that broccoli yield and the contents of glucosinolates are significantly increased by nitrogen fertilizer. It has been reported that organic fertilization can result in significantly higher phenolic components in marionberry, strawberry, and corn compared to chemical fertilization (Asami et al., 2003) . Weibel et al. (2000) have indicated that the flavonols of apple grown with organic fertilizer are 19% higher than those grown with chemical fertilizer. The nutritional content of tomatoes produced by organic fertilization is also richer in phenolic compounds and vitamin C compared to those produced by chemical fertilization (Akiyama et al., 2008) .
Environmentally friendly fertilizer is made from natural sources. It is generally defined as an organic substance, such as the processing materials of crop residue or organic detritus after harvest crops. Environmentally friendly fertilizer has the potential to minimize environmental pollution compared to synthetic chemical fertilizers. In addition, it emphasizes the productivity of soil, crop quality, crop yield, environmental quality, and human health (Aldanondo-Ochoa et al., 2014; Läpple and Rensburg, 2011; Argyropoulos et al., 2013; Leifeld, 2012; Patil et al., 2014) . In the past, agricultural production was focused on maximizing crop yield. Hence, chemical fertilizer has been used as a common agricultural practice. However, many consumers are interested in organically grown crops, regarded as having better quality with healthier and more nutritious products than conventionally grown crops. There has been an increasing popularity of organic or environmentally friendly agricultural products, as well as nutritional value added foods. Consequently, organic cultivation systems and advanced technologies for Chinese cabbage have become more demanding. However, very limited information is available on organic cultivation of Chinese cabbage. In the present study, we investigated the influence of 3 environmentally friendly fertilizers on Chinese cabbage yield and bioactive component contents to determine the best fertilizer or fertilizer combination for a better environmentally friendly growth of Chinse cabbage.
Materials and methods

Plant materials
Chinese cabbage (Brassica rapa ssp. pekinensis) was cultivated in a greenhouse of Gyeongsangnam-do Agricultural Research and Extension Service in Jinju City, Gyoengnam Province, Republic of Korea (latitude 35°12ʹ7ʺN, longitude 128°07ʹ13ʺE). Chinese cabbage was sown in a seedbed on May 3, 2016. Then, 15-day-old seedlings were individually transplanted into plots. Fertilizer treatments were applied to 27-day-old plants on May 30, 2016 . For Chinese cabbage fertilization, the following treatments were used: H, S, J, HS, HJ, SJ, HSJ, and no fertilizer (N). Compositions of H, S, and J were purslane (Portulaca oleracea or pigweed) extract (H: Hugwang fertilizer, Shin-an Grow Co, Ltd.), 5% sulfur (S: Seonsi fertilizer, Shin-an Grow Co, Ltd.), and 15% phosphoric acid with 5% calcium (J: Jeonbudae fertilizer, Shin-an Grow Co, Ltd.), respectively. For each treatment, 10 plants were selected and their aerial parts are sprayed with 200 mL of 0.001% diluted fertilizer solution. Fertilizer treated plants were cultivated in a greenhouse for 18 days. Plants were harvested on June 17, 2016. Plant materials were frozen in liquid nitrogen and stored at -70 °C for RNA isolation. They were freeze-dried for HPLC or GC analysis. 2.2. Methods 2.1.1. Fatty acid methyl ester (FAME) analysis by gas chromatography (GC) Fatty acid profile was analyzed using the method of Rafael and Mancha (1993) . Briefly, a total of 500 mg of freezedried sample was heated together with a reagent containing methanol: benzene:2,2-dimethoxypropane:H 2 SO 4 at 39:20:5:2 (v/v). Simultaneous digestion and lipid transmethylation then took place in a single phase at 80 °C. After cooling at room temperature, the upper phase containing fatty acid methyl ester (FAME) underwent capillary gas chromatography (GC) analysis. FAMEs were analyzed by GC (YL-6100GC, Young Lin Science) with a flame ionized detector and INNOWAX capillary column (Agilent, 30 m × 0.32 mm × 0.5 μm). Each FAME component was identified and quantified using Supelco 37 Component FAME Mix (Sigma).
Determination of carotenoid composition
Carotenoids were extracted from Chinese cabbage samples (300 mg) with 3 mL of ethanol containing 0.1% ascorbic acid (w/v). This mixture was vortexed for 20 sec and then incubated at 85 °C in a water bath for 5 min. Then, 120 μL of KOH (80% w/v) were added to saponify any potentially interfering oils. After vortexing and incubating at 85 °C in a water bath for 10 min, samples were placed on ice. Then, 1.5 mL of cold deionized water and 1.5 mL of β-apo-8'-carotenol (12.5 μg/mL), an internal standard, were added. Next, carotenoids were extracted twice with 1.5 mL of hexane and centrifuged at 4000 rpm for 10 min at 4 °C to separate layers. Extracts were freeze-dried under a stream of nitrogen gas and resuspended in 50:50 (v/v) methanol/dichloromethane. For HPLC analysis, carotenoids were separated with an Agilent 1100 HPLC system by using YMC column (250 × 4.6 mm × 3 μm) and de-tected with a photodiode array detector at the wavelength of 450 nm. Solvent A consisted of methanol/water (92:8 v/v) with 10 mM ammonium acetate. Solvent B consisted of 100% methyl tert-butyl ether. Flow rate was maintained at 1 mL/min. Samples were eluted with the following gradient: 0 min, 90% A/10% B; 20 min, 83% A/17% B; 29 min, 75% A/25% B; 35 min, 30% A/70% B; 40 min, 30% A/70% B; 42 min, 25% A/75% B; 45 min, 90% A/10% B; and 55 min, 90% A/10% B.
Determination of glucosinolate profile
Glucosinolate was extracted from 100 mg of freeze dried powder with 1.5 mL of 70% (v/v) MeOH at 70 °C in a water bath for 5 min. After centrifugation at 4000 rpm for 10 min at 4 °C, the supernatant was collected into a 15 mL tube and the residue was reextracted twice as described above. Supernatants were combined and taken as crude GSL extracts. These extracts were loaded into a minicolumn previously packed with DEAE-Sephadex A-25 and desulfated with 75 μL of aryl sulfatase solution. Desulfoglucosinolate (DS-GSL) was eluted into a 2 mL microcentrifuge tube with 1.5 mL of ultrapure water. Separation of DS-GSLs was carried out on a reversed phase Inertsil ODS-3 column (150 × 3.0 mm × 3 μm) with an E type cartridge guard column (10 × 2.0 mm × 5 μm) using an Agilent Technologies 1100 series HPLC system. Detection wavelength, column oven temperature, and flow rate were set at 227 nm, 40 °C, and 0.2 mL/min, respectively. The mobile phase consisted of water (solvent A) and acetonitrile (solvent B). DS-GSL samples were eluted with the following gradient: 0 min, 100% A/0% B; 2 min, 100% A/0% B; 7 min, 90% A/10% B; 16 min, 69% A/31% B; 19 min, 69% A/31% B; 21 min, 100% A/0% B; and 27 min, 100% A/0% B. Individual glucosinolates were identified based on their HPLC retention times and our database. They were quantified by including an external standard sinigrin (0.1 mg/mL for its desulfation) passed through the same extraction process together with sample preparation.
RNA isolation and quantitative real time PCR (qRT-PCR)
The total RNA was extracted from Chinese cabbage leaves using TriZol reagent (Invitrogen) following the manufacturer's instructions. Transcription levels were analyzed by quantitative real-time PCR (qRT-PCR). Gene specific primers were designed and primer sets are listed in Supplemental Table 1 . Gene expression was normalized against the level of actin2 (BrACT2) as housekeeping gene. Realtime PCR reactions were performed in triplicates on an ABI7300 real-time PCR system using SYBR Green Master Mix (Applied Biosystems). The qRT-PCR protocol was as follows: initiated at 95 °C for 30 s, 40 cycles of 95 °C for 5 s, and 60 °C for 31 s followed by melting curve analysis. All samples were run in triplicates.
Results
The influence of fertilizer treatment on the growth of Chinese cabbage
The effects of environmentally friendly fertilizer treatments on the growth of Chinese cabbage were statistically analyzed in terms of leaf height, leaf diameter, leaf number, and fresh and dry weight. Results are shown in Table 1 . Single fertilizer treatment with H, S, or J showed no significant difference in growth except for leaf height with S or J (14.0% and 15.4% increase, respectively), although fresh and dry weight of treated Chinese cabbage showed an increasing tendency. Double fertilizer treatments increased the growth of Chinese cabbage significantly, especially by SJ (with 18.9%, 14.6%, 16.9%, and 47.4% increase in leaf height, diameter, number, and fresh weight, Table 1 . Effect of different environmentally friendly fertilizer treatments on the growth of Chinese cabbage (N, no fertilizer; H, Hugwang fertilizer (purslane extract); S, Seonsi fertilizer (5% sulfur); J, Jeonbudae fertilizer (15% phosphoric acid and 5% calcium phosphate); HS, Hugwang + Seonsi fertilizers; HJ, Hugwang + Jeonbudae fertilizers; SJ, Seonsi + Jeonbudae fertilizers; HSJ, Hugwang + Seonsi + Jeonbudae fertilizers).
Fertilizer
Leaf 
Changes in contents of bioactive compounds by environmentally friendly fertilizations
Changes in contents of fatty acids, carotenoids, and glucosinolates were analyzed to understand the response of bioactive compounds to these environmentally friendly fertilizers. A total of 9 fatty acid compounds were identified from Chinese cabbage grown under different environmentally friendly fertilizer applications by GC-MS (Table 2 ). Linolenic acid (C18:3n3) was the major component, followed by palmitic acid (C16:0). Among the fatty acids detected, hexadecadienoic acid (C16:2n6), hexadecatrienoic acid (C16:3n3), stearic acid (C18:0), and cis-7 hexadecenoic acid (C16:ln9c) showed no significant change among different fertilization groups. The amount of palmitic acid (C16:0) was decreased while that of cis-7 hexadecenoic acid (C16:ln9c), trienoic acid (C16:3n6), linoleic acid (C18:2n6c+t), or linolenic acid (C18:3n3) was generally increased by these fertilization treatments. Palmitic acid showed the most dramatic change in terms of fatty acid content. It was significantly decreased by fertilization, ranging from 18.432 mg/g dry wt. to 23.546 mg/g dry wt. Most of the decrease in palmitic acid content (by 28.5%) was caused by HSJ treatment. It decreased more by double fertilizer treatment (HS, HJ, or SJ) compared to single fertilizer treatment (H, S, or J). Regarding the contents of trienoic acid and linoleic acid, the largest increase was obtained by HS and HJ treatments (8.1% and 9.0% increase, respectively) compared to the control. The contents of linolenic acid, the major fatty acid in Chinese cabbage, ranged from 45.045 mg/g dry wt. (no fertilizer) to 48.654 mg/g dry wt. (HSJ treatment). Treatment with H (4.6%), S (4.8%), J (6.3%), HS (6.0%), HJ (5.7%), SJ (6.9%), or HSJ (8.0%) fertilizer significantly increased linolenic acid contents. Fertilization had a tendency to increase total oil content. A significant increase resulted from SJ treatment ( Table 2) . A total of 9 carotenoid compounds were identified from Chinese cabbage leaves (Table 2) . Total carotenoid contents ranged from 3351 μg/g dry wt. (no fertilizer) to 4380 μg/g dry wt. (HSJ treatment). The major carotenoid was β-carotene, ranging from 1525 μg/g dry wt. (H treatment) to 2198 μg/g dry wt. (HSJ treatment). Generally, the amounts of violaxanthin, antheraxanthin, lutein, 13-cis-β-carotene, α-carotene, β-carotene, and 9-cis-β-carotene significantly increased, whereas the contents of zeaxanthin and β-cryptoxanthin showed no change after these fertilizer treatments. The largest increase for each component resulted from double fertilization (increase of violaxanthin, antheraxanthin, and lutein by HJ, and increase of 9-cis-β-carotene by SJ) or triple fertilizer application (increase of 13-cis-β-carotene, α-carotene, and β-carotene by HSJ). Compared to control (no fertilizer), maximum increases for violaxanthin, antheraxanthin, lutein, 13-cis-β-carotene, α-carotene, β-carotene, and 9-cis-β-carotene were 20.2%, 34.0%, 21.5%, 58.5%, 49.6%, 39.7%, and 23.5%, respectively, resulting in total carotenoid increase of 30.7%.
As shown in Table 2 , 11 glucosinolates (3 indole, 7 aliphatic, and 1 unknown) were identified. Most changes in total glucosinolate content resulted from SJ treatment (14.693μmol/g dry wt.) and HSJ treatment (10.361 μmol/g dry wt.) with significant increase and significant decrease, respectively, compared to no fertilizer treated sample. The major glucosinolate found in Chinese cabbage leaves was glucobrassicanapin (3.296 ~ 5.060 μmol/g dry wt.). It was increased by S (47.8%), HS (24.2%), HJ (20.0%), and SJ (53.5%) fertilization. There was no change in the components of gluconapin, glucoerucin, glucobrassicin, or unknown caused by these fertilization treatments. All fertilization treatments decreased the amount of progoitrin by 20.9% (H fertilization) to 53.8% (HJ fertilization). They also decreased the amount of 4-methoxyglucobrassicin by 19.5% (HJ fertilization) to 58.1% (J fertilization). Fertilization treatment with J, HS, SJ, or HSJ resulted in a significant decrease in the amount of neoglucobrassicin by 44.4%, 45.1%, 45.7%, or 51.2%, respectively. Sinigrin content tended to be decreased by these fertilization treatments. Such decrease was not detected after HSJ fertilizer treatment. Glucoalyssin was significantly induced by S, HJ, SJ, and HSJ fertilization treatments with an increase of 121.9%, 91.4%, 158.6%, and 159.5%, respectively. The amount of glucocochlearin was significantly increased only by HJ fertilization (1.117 μmol/g dry wt.) with a 69.2% increase (Table 2) .
Expression analysis of fatty acid, carotenoid, and glucosinolate biosynthesis genes
Transcriptional levels of fatty acid, carotenoid, and glucosinolate biosynthesis genes in fertilizer treated Chinese cabbage samples were determined by qRT-PCR (Figures 1-3) . Four fatty acids biosynthesis related genes displayed upregulated expression patterns by fertilizer treatments in general. However, they had different expression levels depending on fertilizer type ( Figure  1b) . The expression of BrLACS1 was upregulated 1.19-fold and 1.23-fold by SJ and HSJ fertilization treatments, respectively. The maximum induction of BrKCS1 was caused by HSJ fertilizer treatment with 1.35-fold higher expression. Fertilization with J, HS, HJ, and SJ also significantly upregulated BrKCS1 by 1.18-fold, 1.20-fold, 1.17-fold, and 1.18-fold, respectively. The expression level of BrECR was steadily increased by HS (1.14-fold), HJ (1.13-fold), SJ (1.16-fold), and HSJ (1.15-fold) fertilizer treatment compared to no fertilizer (N) treatment. The transcript level of BrKCR1 was significantly reduced by S (1.06-fold) and J (1.09-fold) fertilizer treatments ( Figures  1a and 1b) .
The expression changes of carotenoid biosynthesis gene by our fertilizations are plotted (Figures 2a and 2b) . The transcript level of BrPSY, an upstream gene of the carotenoid biosynthetic pathway, was not significantly changed by fertilization treatment. BrPDS and BrZDS showed abundant transcription levels. They were significantly upregulated by fertilizer containing S or J. Both genes were upregulated the most by HSJ treatment (1.61-fold and 1.30-fold, respectively). Transcript levels of BrLCYB, BrLCYE, and BrCHXE were induced by all fertilizer treatments. The expression of BrLCYB increased the most (2.33-fold) by HSJ fertilization. The expression levels of BrLCYE and BrCHXE increased the most by S fertilization and SJ fertilization (at 1.93-fold and 2.06-fold, respectively). However, transcriptional levels of BrCHXB, BrZEP, and BrNCED were not significantly changed by any fertilizer treatment in this study (Figure 2b ). The expression levels of glucosinolate biosynthetic genes were not dramatically altered by any fertilization treatment either (Figures 3a and 3b) . The BrCHY1 gene showed the highest expression in general. However, its transcript level was not significantly changed by any fertilization treatment. Only 11 of the glucosinolate biosynthesis genes (5 indole and 6 aliphatic) among a total of 28 examined were significantly changed in their expression levels by fertilizer treatment. Four aliphatic glucosinolate biosynthesis genes (BrGSTF11, BrUGT74B1, BrST5b, and BrFMO GS-OX2 ) were upregulated while 2 (BrCYP83A1 and BrZO1P1) were downregulated by fertilizer treatments. Changes in transcriptional level were highest for BrCYP83A1, BrGSTF11, and BrUGT74B1 by HSJ treatment, BrST5b by SJ treatment, and BrFMO and BrZO1P1 by S treatment. The expression levels of most indole glucosinolate biosynthesis genes (BrCYP83B1, BrGSTF9, BrCYP81F2, and BrCYP81F4) were downregulated by fertilization treatment, whereas BrARK1 was upregulated by all fertilizer treatments (Figure 3b ). The expression levels of BrCYP83B1 and BrARK1 were also affected by all fertilization treatments. The transcriptional level of BrCYP81F2 was changed by SJ treatment only. H treatment showed no effect on the expression level of BrGSTF9.
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Discussion
A proper supply of plant nutrients is required for cultivation of crops. The requirement of plant nutrients can be met by applying fertilizers to achieve the best yield. However, continuous use of chemical fertilizers, especially nitrogen, one of the most limiting nutrients in soil and essential for high crop yields, has not been helpful. Nitrogen fertilizer not only reduces crop yield by causing soil acidity and nutrient imbalance (Ayoola and Adeniyan, 2006) , but also detracts the environment. The use of organic fertilizers or environmentally friendly fertilizers can minimize this problem. They can increase the productivity of soil, microbial biomass, crop quality, and crop yield with longer influence and more effectiveness (Tindall, 2000; Suresh et al., 1996; Suresh et al., 2004) . Extract from Portulaca oleracea (H fertilizer in this study) is known to have no cytotoxicity or genotoxicity. They have been certified safe for human consumption (Yen et al., 2001) . They also have beneficial effects (protective against oxidative stress) (Madiha et al., 2012) . They can also significantly alter the bacterial community without affecting intestinal pH (Zhao et al., 2013) . It has been reported that purslane leaves and stems contain high levels of potassium, magnesium, and calcium, which are essential macronutrient components for protein synthesis, photosynthesis, fruit quality, and disease reduction (Teixeira and Carvalho, 2009; Karley and White, 2008) . They also mediate a wide range of cellular responses (White, 2003; Sanders et al., 2002) . S and J fertilizers are also environmentally friendly. The main ingredient of S is from nature. Both S and J fertilizers can be sprayed to leaves at a very low dose (1.22%), thus minimizing soil accumulation of fertilizers and acidification.
We carried out a field experiment to investigate the effect of these environmentally friendly fertilizers on the growth and bioactive components' contents of Chinese cabbage (Tables 1 and 2 ). Our results showed trends similar to those obtained for cabbage and broccoli (Selim Reza et al., 2016; Øvsthus et al., 2015; Naguib et al., 2012) . The better nutrient uptake by cabbages resulting from organic fertilizer treatment compared to chemical fertilization treatment has suggested that vermicompost is a suitable substitute for urea, the most commonly used nitrogen source for the production of cabbage (Selim et al., 2016) . The beneficial effect of organic fertilization on yield has been explained by slow release of nutrients, increased organic matter content, and decreased soil pH, leading to root growth and enhanced nutrients uptake (Selim et al., 2016) .
Chinese cabbage (Brassica rapa ssp. pekinensis) is a major vegetable crop in Korea. It is the principle ingredient of kimchi, a traditional Korean food and metabolite vegetable. It contains a range of essential vitamins, minerals, and phytochemicals (Bjorkman et al., 2011; Das et al., 2000) . In our study, palmitic acid content significantly decreased while linolenic acid content significantly increased by all treatments with environmentally friendly fertilizer ( Table 2) . Palmitic acid is a saturated fatty acid commonly found in both animals and plants. It is a major component in palm tree oil known to be associated with an increased risk of coronary heart disease and some tumors in humans (Fattore and Fanelli, 2013) . Linolenic acid, the major fatty acid in Chinese cabbage, is known to be able to prevent and treat heart disease and blood vessel disease (Lorgeril and Salen, 2004; Farvid et al., 2014) . Our results suggest that these environmentally friendly fertilizers are effective in producing less deleterious, but more beneficial contents in Chinese cabbage for human health in terms of fatty acids. Several reports have also observed that mineral fertilization can result in higher levels of carotenoids (Brandt and Beeson, 1951; Eggert and Kahrmann, 1984; Salomon, 1972) . In our results all carotenoids, except zeaxanthin and β-cryptoxanthin, were significantly increased by our environmentally friendly fertilizers. Changes in total glucosinolate contents were meager compared to those in fatty acids or carotenoids ( Table 2 ). The application of organic and bioorganic fertilizers has also significantly increased yield, total phenolics, flavonoids, and glucosinolates in 2 broccoli cultivars, demonstrating that organic fertilizers can enhance the yield of secondary metabolites (Selim et al., 2016; Vågen et al., 2007) . Øvsthus et al. (2015) have reported that glucosinolate contents are significantly increased by extruded shrimp shell and mineral NPK fertilization compared to sheep manure or no fertilizer treated broccoli (Øvsthus et al., 2015) . They also presented a positive correlation between total glucosinolate content in broccoli and sulfur content in fertilizer materials at the current fertilizer rate (Øvsthus et al., 2015) . However, Rosa et al. have reported that nitrogen and sulfur fertilization does not change the total glucosinolate content in broccoli sprout (Rosa et al., 2006) . In our results, total glucosinolates were increased significantly by SJ fertilization. However, whether the sulfur content only in fertilizer is correlated with glucosinolate content remained unclear because HSJ fertilization significantly decreased the total glucosinolate content. Progoitrin is known to be a strong goitrogenic that inhibits the synthesis of thyroid hormones, thyroxine, and tri-iodine-thyronine by selective binding to iodine, thus preventing iodine intake by the thyroid gland (Zukalova and Vasak, 2002) . Breeding programs for Brassica crops, including broccoli, turnip, cabbage, cauliflower, kale, and Chinese cabbage are intensively focused on the production of Brassica vegetables without the use of progoitrin, or using low progoitrin concentrations for human and animal health (Ishida et al., 2014) . Interestingly, progoitrin content was significantly decreased by the environmentally friendly fertilizers used in this study (Table 2) , although some fertilizers (SJ) increased the total glucosinolate content. These results indicated that the fertilizers examined in this study might be beneficial for organic or environmentally friendly cultivation of Chinese cabbage by increasing its yields and nutritional value while minimizing damages to the environment and the soil.
In the present study, it was observed that the use of environmentally friendly fertilizers resulted in higher yields and higher bioactive component contents, as well as gene expression changes compared to control without treatment by these fertilizers. The HSJ treatment appeared to be the most promising fertilizer combination for higher biomass production, higher total fatty acid, and higher total carotenoid contents in Chinese cabbage. Furthermore, the contents of palmitic acid and progoitrin were decreased by using a combination of these fertilizers. Therefore, these environmentally friendly fertilizers might be useful for Chinese cabbage production. They can improve its nutritional value and contribute to the production of safer vegetables to promote human health with less destruction to the environment and soil.
